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Abstract

Introduction: The objective of supplementary motor area (SMA)
epilepsy surgery 1s complete resection or disconnection of
epileptogenic zone while sustaining the functionally relevant eloquent
cortex. Various diagnostic modalities are used to define the seizure
onset zone and eloquent cortex. However, SMA epilepsy remains
diagnostic challenge due to its location is concealed in mesial frontal
lobe. The clinical characteristics of SMA epilepsy has been described
as an abrupt tonic posturing one or more extremities, vocalization,
without loss of consciousness. Nonetheless, due to preservation of
consciousness, SMA epilepsy can be mistakenly diagnosed.
Moreover, electrophysiological findings are also often misleading
because of interictal spikes found in the midline have normal
background rhythm and paradoxical lateralization. On the other hand,
MEG as the latest neurophysiological tools, has great spatial
resolution and high signal—to—noise ratio which offers several
advantages over EEG in detecting epileptogenic foci in SMA epilepsy.
Therefore in this study, we reevaluate presurgical diagnostic
modalities and sought to find clinical value of MEG to localize
epileptogenic zone in SMA epilepsy. Moreover, lateralizing value of

semiology observed in patient group will also be determined.

Methods: Forty—four patients who underwent epilepsy respective
surgery and had SMA removed were reviewed retrospectively.
Clinical characteristics of each patients were assessed and its
lateralizing value were calculated. Concordance of interictal VEM,
PET, ictal SPECT, and MRI results to resection area were evaluated

and related them to surgical outcome. Interictal spikes source
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distribution in simultaneous EEG/MEG were done by using sSLORETA

separately to compare EEG and MEG sensitivity.

Results: The most reliable predictors of seizure lateralization were
versive head movement and unilateral tonic posturing (p=0.004 and
p=0.021, respectively), indicating contralateral lateralization in more
than 90% of patients. Only interictal MEG significantly localized
correctly in 7 of 9 patients with favorable outcome (p=0.021) and
none of the non—favorable outcome patients showed abnormalities
localized in epileptogenic lobe. In simultaneous EEG/MEG, 4 of 7
favorable outcome patients showed non—lateralizing interictal EEG,
while 6 of 7 favorable outcome patients showed localized interictal
MEG within resection area. One patient had MRI revealed tumor
lesion in right SMA and also left hippocampal sclerosis, exclusively
had interictal EEG spikes that constantly located in temporal lobe
while interictal MEG spikes predominantly localized within resection

area.

Conclusion: MEG is a useful tool in localizing epileptogenic zone,
especially when EEG fails to localize or lateralize epileptogenic lesion

in the midline area, such in SMA epilepsy case.

Keyword: Supplementary  motor area (SMA), Epilepsy,
Electroencephalography (EEG), Magnetoencephalography (MEGQG),
Semiology, Electrophysiology

Student Number: 2014—-25244
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Chapter 1. Introduction

1.1. Epilepsy

1.1.1. Definition

Epilepsy is a neurological condition characterized by recurrence of at
least two unprovoked epileptic seizure which 1s transient signs and
symptoms of abnormal, excessive excitation and synchronous

neuronal activity in the brain (Fisher et al., 2014; Fisher et al., 2005).

1.1.2. Epidemiology

About 0.5—1% of general population suffer from epilepsy in which
80% of epilepsy patients in developing countries are not receiving
inappropriate treatment (Atlas, 2005; Organization, 2009; Scott,
Lhatoo, & Sander, 2001). Epilepsy causes disease burden not only
because of early death but also because of long life disability and
illness. The burden of epilepsy accounts for around 0.5% of the
burden of all the diseases in the world, and contributes even more
significantly to the burden caused by disability (Leonardi & Ustun,
2002). In addition to the measurable burdens, epileptic patients suffer

more social and economic impacts.
1.2. SMA Epilepsy: Diagnostic Workup
Supplementary motor area (SMA) epilepsy is a type of frontal lobe

epilepsy arising from supplementary motor area which has reciprocal

connections to motor area, limbic area and sensory area (Morris,



Dinner, Luders, Wyllie, & Kramer, 1988; Vergani et al., 2014;
Wiesendanger, 1981). The diagnosis of SMA epilepsy is based on
combination of clinical history, physical examination and also
assessment by using diagnostic tools. Seizure semiology is regarded
as pivotal as other pre—surgical evaluation in localizing the seizure
and should be describe as accurate as possible (Adams, Victor,
Ropper, & Daroff, 1997). Beside ictal symptoms, information about
the circumstances, timing, triggering factors and position must all be

obtained.

The clinical characteristics of SMA epilepsy has been described as
an abrupt tonic posturing one or more extremities, vocalization,
without loss of consciousness, last for less than 1 minute and
frequently occur during sleep (Morris et al., 1988). Moreover, tonic
posturing in SMA epilepsy followed by clonic movements of all
extremities can be mistakenly diagnosed as psychogenic non-—
epileptic epilepsy due to preservation of consciousness (Bass et al.,
1995; Kanner et al., 1990). Therefore, diagnosing SMA epilepsy from

semiology alone can mislead to different type of epilepsy.

Electrophysiological findings can help diagnosing SMA epilepsy when
the epileptogenic focus is found at or near the vertex (C.
Baumgartner et al., 1996; Morris et al., 1988). Previous report
disclosed that half of patients with SMA epilepsy had IED foci in the
midline (Fz or Cz) or in a frontocentral distribution (F3 or F4) (Blume
& Oliver, 1996). However, these findings are often confused with
normal EEG patterns during sleep due to interictal sharp waves in
SMA epilepsy have normal background rhythms (Morris et al., 1988).

Moreover, determining the epileptogenic focus can be difficult as the

2 . iﬂ k'_. 1_'_” i



location of SMA 1s concealed in the mesial frontal lobe especially
when we use scalp EEG and the propagation of epileptogenic activity
from SMA to adjacent area is also rapid and widespread (Holtkamp,
Sharan, & Sperling, 2012; Laskowitz, Sperling, French, & O'Connor,
1995; Sato, Fukuda, Oishi, Shirasawa, & Fujii, 2013).

MEG is a useful noninvasive tool with great spatial resolution which
offers several advantages over EEG in detecting epileptogenic foci.
Compared to electric potentials, magnetic fields used in MEG are less
distorted by conductivity of tissue layers between the brain and
recording sensors (Hamalainen & Sarvas, 1989; Shiraishi et al.,
2001). Moreover, MEG may reveal clear spikes that can be
differentiated from ongoing background due to its less sensitivity to
deep sources activity (de Jongh, de Munck, Gongalves, & Ossenblok,
2005; Ossenblok, De Munck, Colon, Drolsbach, & Boon, 2007).
Although there has been no reports that exclusively study about MEG
in SMA epilepsy, but it has been indicated that interictal MEG gives
useful localizing information in pre—surgical assessment of mesial

frontal lobe epilepsy (Ossenblok et al., 2007; Shiraishi et al., 2001).

1.3. Objectives

The objective of supplementary motor area (SMA) epilepsy surgery
is complete resection or disconnection of epileptogenic zone while
sustaining the functionally relevant eloquent cortex. Various
diagnostic modalities are used to define the seizure onset zone and
eloquent cortex. A precise delineation of the epileptogenic zone takes
part in achieving a good surgical outcome. However, localizing

epileptogenic focus in SMA epilepsy is still technically challenging
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due to interictal or ictal findings in non—invasive tools are often
absent, non—lateralizing or misleading over paradoxical lateralization
and usually required invasive monitoring which carries additional risk
and expenses (Blume & Oliver, 1996; Hamer et al., 2002; Onal et al.,
2003; Quesney, Constain, Fish, & Rasmussen, 1990). There are still
limited study about SMA epilepsy particularly diagnostic approach
using MEG. Thus, the main aim of this study was to assess the value
of interictal EEG and MEG toward epileptogenic foci localization and
lateralization in SMA epilepsy. In addition, localization from each
modality was compared with surgical outcome to see the prognostic
value. Moreover, semiology were Iidentified to determine its
lateralizing value to the resection area, expecting a helpful

information in localizing epileptogenic zone.



Chapter 2. Methods

2.1. Patients

From a prospectively compiled database, we retrospectively studied
consecutively epilepsy surgery cases performed at Seoul National
University Hospital during a 17—year period from January 1994 to
December 2011. Surgical candidates with drug—resistant epilepsy
who underwent resective surgery in SMA structures were included.
The diagnostic criteria used for SMA epilepsy were the presence of
either a discrete lesion in SMA with a compatible ictal EEG, or the
presence of an exclusive ictal onset zone in the SMA confirmed by

intracranial EEG.

There were 25 male and 19 female patients ranging from 15 to 63
years (mean 35.3 *= 11.1 years) and the duration of illness from 0.1
to 30 years (mean 10.7 = 8.3 years). Most patients experienced
frequent seizures, with an average seizure frequency of 14 seizures

per month (range 0.1 to 150 seizures per month).

2.2. Presurgical Evaluation

Preoperative evaluation to localize an ictal onset zone included a
routine history, neurological examination, interictal video—EEG
monitoring (VEM), ictal VEM, brain MRI, PET and interictal and ictal
SPECT. If no definite lesion was identified via preoperative MRI,
subdural electrodes would be implanted near the presumed near the
presumed ictal onset zone according to VEM result while patients

were under general anesthesia.



2.2.1. MR imaging

All patients underwent MR imaging either using a GE 1.0 or a 1.5T
unit (Signa Advantage; General Electric Medical Systems, Milwaukee,
WI) or a Siemens 1.5T scanner (MAGNETOM Avanto; Siemens,
Erlangen, Germany). The section thickness and the conventional
image gaps were 5 mm and 1 mm. T1—weighted 3D magnetization—
prepares rapid acquisition of gradient—echo sequences with 1.5 mm
thick sections of the whole brain and T2—weighted fluid—attenuated
inversion recovery (FLAIR) images of 3 mm thick sections were also
obtained in the oblique coronal plane of the temporal lobe. The angle
of oblique imaging was perpendicular to long axis of the hippocampus.
Spatial resolution was approximately 1.0 mm x 1.0 mm (matrix, 256
mm x 256 mm; field of view, 25 cm). MRI images were evaluated
and the lobe containing abnormalities were then taken for further

concordance analysis.

2.2.2. MEG—EEG Acquisition

Cortical magnetic activity recorded using a 306 channel, whole —head
MEG system (VectorView '™, Elekta Neuromag Oy, Helsinki, Finland)
arranged in triplets of two planar gradiometers and one
magnetometer in 13 patients and 60 or 128 channels of EEG were
simultaneously recorded in 10 patients. Spontaneous MEG/EEG
signals were obtained in a magnetically shielded room about 60 min
while patients were supine and with eyes closed. The sampling rate
was 600Hz with bandpass filter 0.1—200 Hz. In order to monitor eye
movement and cardiac artifacts, a bipolar electro—oculogram and
electrocardiogram were simultaneously recorded. Three anatomical
fiducial points (nasion and bilateral preauricular points) and four

-
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head—position indicator coils attached to the subject’s head before
the recording. The coil locations with respect to the anatomical
reference points were measured using 3—D digitizer (FASTRAK™,
Polhemus, Colchester, Vermont, USA). The temporal signal space

separation (tSSS) was applied to eliminate the external interference

signal that increase the SNR of the MEG signals (Taulu & Hari, 2009).

2.2.3. VEM Acquisition

In 25 patients, interictal/ictal scalp EEGs were recorded by using a
VEM system with the electrodes placed according to the international
10—20 system, including anterior temporal electrodes. VEM was
performed under the withdrawal of antiepileptic drugs except
phenobarbital. Any interictal abnormalities were noted and used for

analysis.

2.24. PET

PET was performed in 35 patients during interictal period. Axial raw
data were pbtained on a PET scanner (ECAT EXACT 47, Siemens—
CTI, Knokville, TN, USA) 60 min after the intravenous injection of
"F—fluorodeoxyglucose (FDG; 370 MBq). The acquisition time was
around 20 min. The axial images were then reconstructed by using a
Shepp—Logan filter (cutoff frequency, 5 cycles per pixel) and
realigned in the coronal and sagittal planes. Spatial resolution was 6.1
mm x 6.1 mm x 4.3 mm. PET images were evaluated and the lobe
containing abnormalities were then taken for further concordance

analysis.

2.2.5. Ictal SPECT
Ictal SPECT was performed in 18 patients during VEM. “Tc was
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mixed with hecamethylpropylene amine oxime (HMPAQO; 925 MBq)
and injected as soon as a seizure started. Brain SPECT images were
acquired within 2 hours of the injection using triple —head rotating
Gamma camera (Prism 3000, Picker, USA) with high—resolution fan
beam collimator. Using the step and shoot method at 3° intervals
using a 128x128 matrix, brain perfusion SPECT was acquired.
SPECT images were evaluated and the lobe containing abnormalities

were then taken for further concordance analysis.

2.2.6. Clinical characteristic
The prior seizure history was taken from a witness or the patients
themselves. Seizure semiology was then reviewed from the seizure

history or VEM and classified according (Liiders et al., 1998).

2.4. MEG — EEG Data Analyses

The individual scalp and cortical surfaces of the patient were
segmented from MRI volume data using Freesurfer image analysis
suite (Fischl, 2012). A three—layer head model (Symmetric
Boundary Element Method, BEM) was determined for each subject
by using the software OpenMEEG embedded in Matlab based

software Brainstorm for the forward model (Gramfort, Papadopoulo,

Olivi, & Clerc, 2010; Tadel, Baillet, Mosher, Pantazis, & Leahy, 2011).

Interictal epileptiform discharges in EEG recording were visually
1dentified based on criteria defined by the International Federation of
Clinical Neurophysiology (IFCN) (Deuschl & Eisen, 1999). MEG
spikes were chosen for analysis based on duration (<80 msec),
morphology, field map and lack of associated artifact. B_ly using
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Brainstorm, all visually detected interictal spikes from entire
recording except in two patients who had ictal during recording were
marked and used for source localization. Standardized low—resolution
brain electromagnetic tomography (sLORETA) with the Brainstorm
software was adopted as inverse algorithm (Pascual—Marqui, 2002).
Since sLORETA returns as a current distribution, the point showing
maximum F—distribution value was selected and assumed as the
position best fitting to the real source location (Wagner, Fuchs, &

Kastner, 2004).
2.5. Postsurgical Seizure Outcome and Pathology

The postoperative follow up duration was more than 2 years in all
patients. Surgical outcome was analyzed using the Engel
classification as ‘favorable’ (Engel class I and II) and ‘unfavorable’
(Engel class III and IV) categorization. Pathology was reviewed in all

patients and was interpreted by neuropathologist.
2.6. Statistical Analyses

In semiology analysis, we performed nonparametric statistical
analysis using the Sign test to evaluate the significance of frequency
laterality with which the various motor signs occurred. The
concordance analysis of MRI, interictal VEM, ictal VEM, PET, ictal
SPECT and MEG interictal spike source localization with resection
area were also evaluated and relate them to the surgical outcome.
Interictal spike localization from EEG and MEG in 10 patients who
underwent simultaneous EEG and MEG were compared and
diagnostic sensitivities of each modality were calculated. The
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localization was classified into four levels: localizing, lateralizing,
non—lateralizing and false localizing in reference to resection area
(Figure 1). The result was considered as localizing if the spikes were
predominantly localized in epileptogenic lobe. As for lateralizing, the
spike locations showed predominantly in the extended lobe of
epileptogenic hemisphere and for non—lateralizing when there are no
spike detected or spikes were located as multilobar pattern equally
in both hemisphere. If the result came up predominantly on the other
hemisphere either confined in one lobe or scattered, it will be
classified as false localizing. Postoperative T1—weighted MRI was
used to delineate the resection area. Chi—squared test was used for
statistical significance in concordance analysis diagnostic modalities.
All statistical analysis were performed by using SPSS 23.0 software

(IBM, Armonk, New York, USA).
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Chapter 3. Result

3.1. Patient Profiles

Profiles of the 44 SMA epilepsy patients are summarized in Table 1.
Postoperative seizure outcome was Engel class I in 22 (b0%)
patients, class IIin 9 (20.5%), class Il in 6 (13.6%), and class IV in
7 (15.9%) patients. There were 25 (56.8%) male patients and 19
(43.2%) female patients. The mean age of the patients and seizure
duration were 35.3%t11.1 years (range 15—63 years) and 10.7£8.3
years (range 0.1—30.0 years), respectively. Tumor—like lesions
were found in 18 patients (40.9%) and cortical lesions were found in
14 patients (31.8%) via preoperative MRI. Twelve patients (27.3%)

showed no definite lesions on MRI.

3.2. Semiology

In our study, generalized tonic—clonic seizure (GTCS) was the most
common clinical signs, present in more than half of the patients
(Table 2). Of the motor signs, the most reliable predictors of seizure
lateralization were versive head movement and unilateral tonic
posturing (p=0.004 and p=0.021, respectively), indicating

contralateral lateralization in more than 90% of patients.

3.3. Prognostic Value, Diagnostic Accuracy and Diagnostic of

Various Non-invasive Presurgical Evaluations

3.3.1. Diagnostic Accuracy

11 .__:Ix_s _'-I:-'_'|'li



We analyzed the prognostic value of the various modalities in 44
patients with at least a 2—year follow—up. VEM were performed in
25 patients. MRI was abnormal in 32 patients that correctly localized
the lesion in 22 of 31 patients with favorable outcome and in 8 of 13
patients with non—favorable outcome, which was non-—significant
(p=392). Common findings were cerebromalacia and tumor. Ictal
SPECT were performed in 18 patients, and correctly localized the
lesion in 5 of 15 patients with favorable outcome and none of the
non—favorable outcome patients had abnormality in epileptogenic
lobe (p=0.350). FDG—PET correctly localized the lesion in 17 of 25
patients with favorable outcome, and in 5 of 10 non—favorable
outcome patients. Interictal VEM showed correctly localizing spikes
in 5 of 25 patients who achieved favorable outcome, and in 8 of 13
that did not (p=0.513). Interictal MEG localized correctly in 7 of 9
patients with favorable outcome (p=0.and none of the non—favorable
outcome patients showed abnormalities localized in epileptogenic
lobe. Detailed results from the diagnostic modalities were

summarized in Table 3.

3.3.2. Prognostic Value

The positive predictive value of MRI, PET, ictal SPECT, interictal
VEM, and interictal MEG, respectively were 70.9%, 68.0%, 33.3%,
29.4%, and 77.8%, and the negative predictive value were 38.5%,
50%, 100%, 37.5%, and 100%, respectively.

3.3. Simultaneous EEG-MEG

Ten patients underwent simultaneous EEG—MEG evaluations which
7 patients of those patients achieved favorable outcome after 2—year
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of follow up. As shown in Table 4, patients with favorable outcomes
tended to have MEG interictal spike localizing within the resection
area, while the sources of MEG interictal spikes in 2 patients with
unfavorable outcomes were lateralizing. The other non—favorable
outcome patient had MEG interictal spikes dominantly located in
parietal lobe contralateral to resection area. EEG interictal spikes
sources in four of 7 patients with favorable outcome were non—
lateralizing. The correlation between surgical outcome and interictal
spike source localizing within resection area was significant in MEG
(p=0.033). In patient 37, MEG interictal spikes localization was
located within the resection area while EEG interictal spikes were

constantly localized in left superior temporal gyrus (Figure 2).
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Chapter 4. Discussion

SMA plays critical roles in voluntary motor control such as
preparation, bimanual coordination, control of motor sequence, and
selection of movements (Tanji, 1994). Thus, resection of SMA has
resulted significant neurological deficits such as hemiparesis and
aphasia that appear shortly after surgery. Although the deficits might
resolve relatively well soon, but motor and speech function in
complex task may be impaired (Kim et al., 2013; Zentner, Hufnagel,
Pechstein, Wolf, & Schramm, 1996). Therefore, it is important to
obtain the best seizure control and to conserve the SMA function.

In order to avoid functional deficits in SMA epilepsy patients undergo
surgery, the present results give us clinically helpful information
when considering the surgical indication and planning further

presurgical evaluation.

4.1. Unilateral Tonic Posturing and Versive Head Movements

lateralization in SMA Epilepsy

The clinical semiology of SMA epilepsy that has been widely
accepted is characterized by sudden, brief tonic posturing of one or
more extremities, vocalization, and also versive movement which
may precede secondary generalization. These characteristics 1is
supported by several studies that observed clinical symptoms in
patients with SMA seizures as well as on cortical stimulation over
SMA (Morris et al., 1988; Penfield, 1950; Penfield & Welch, 1951).
Our study showed that secondary generalized tonic clonic seizures
(2GTCs) is the most prominent ictal symptoms among all the patients
included in this study. Possible reason is due to rapid propagation of

epileptic discharges to adjacent area of SMA (Unnwongse, Wehner,

-
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& Foldvary—Schaefer, 2012).

Our result showed that unilateral tonic posturing is common in our
subject groups. Furthermore, unilateral tonic posturing has high
lateralizing value, as observed in contralateral to epileptogenic area
found in 9 patients (Janszky, Fogarasi, Jokeit, & Ebner, 2001).
Previous study that reported that unilateral tonic posturing is a
distinct feature of SMA epilepsy compare to bilateral tonic posturing
and was more frequently observed in SMA epilepsy rather than in
extra—SMA epilepsy supports our findings (Sitthinamsuwan et al.,
2016). Even though electrical stimulation of the SMA usually provoke
bilateral and proximal tonic limb posturing, epileptic activation may
develop in only unilateral tonic posturing in the contralateral limbs
(Lim et al., 1994). Bilateral tonic posturing found in 2 patients may
be caused by bilateral activation of SMA from seizure activity
originating elsewhere due to strong interhemispheric connections
between the two SMA with other cortical structures (C. Baumgartner
et al., 1996; Ikeda, LUDERS, Burgess, & Shibasaki, 1992;
Wiesendanger, Rouiller, Kazennikov, & Perrig, 1996).

Another finding that significantly showed lateralizing value is versive
head movements which are found in 20.5% of our subject group which
is strongly associated with mesial frontal lobe seizure (Cotte-Rittaud
& Courjon, 1962; Laich et al., 1997; Manford, Fish, & Shorvon, 1996).
These significant findings of lateralizing value can help making

decision to perform surgery or invasive recording.

4.2. MEG Provide More Useful Localizing Information in

SMA Epilepsy Presurgical Evaluation

Determining epileptic focus in SMA epilepsy can be difficult,
especially those with no identified anatomical lesion. Epileptic
discharges from SMA can propagate rapidly and widespread, due to

its connections to multiple reciprocal connections to primary
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sensorimotor cortex, anterior cingulate cortex and various parietal
somatosensory area (Hatanaka et al., 2003; Luppino, Matelli,
Camarda, & Rizzolatti, 1993). Furthermore, its secluded location in
the mesial frontal lobe complicates the investigation with scalp EEG,
requiring invasive electrodes implanted chronically (Morris et al.,
1988). However, because of the reason above, the location for
invasive electrode location needs to be confirmed by various
diagnostic workup to get precise seizure onset zone and reduce the

risk of neurological deficits following surgery.

In the present study, our findings showed that MEG is the only
modality that significantly related to favorable outcome in SMA
epilepsy, especially compare to EEG. As the latest neurophysiological
modality, MEG has several advantages over EEG in discovering
epileptogenic foci. Not only MEG has superior signal—to—noise ratio
than EEG, but also capable of determining epileptogenic focus located
deeply fissure (Laskowitz et al., 1995; Ossenblok et al., 2007;
Shiraishi et al., 2001).

In Shiraishi study, two of four patients with interictal EEG spikes
occurred at CZ or Fz had interictal MEG spikes localized around the
supplementary area. Even though they did not relate it to surgical
outcome in their study, but they had claimed that MEG can be a
helpful diagnostic modality for detecting epileptic focus when EEG
spikes showed in midline region. Similar to our findings in
simultaneous EEG/MEG, interictal EEG spikes localization in three
patients with favorable outcome showed non-—lateralizing while
interictal MEG spikes localized within the resection area.
Furthermore, interictal EEG spikes were constantly localized at left
temporal lobe in patient 37 confirmed left hippocampal sclerosis
found in MRI whereas interictal MEG spikes were distributed within

the resection area, confirming epileptogenicity of tumor in SMA.

Poor localizing value of scalp electroencephalography can mislead the
diagnosis of SMA epilepsy (Tiikel & Jasper, 1952). Even though
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electroencephalographic signals manifest in the midline, they can be
easily missed by surface electrode, resulting in frequent secondary
bilateral synchrony (Boesebeck, Schulz, May, & Ebner, 2002; Wieser
& Hajek, 1995). Another possible reason of these findings is due to
sensitivity of MEG to spikes arise from major fissures or gyral
cortical planes that have an orientation that produce tangential fields
such as temporal base, superior temporal plane, temporal tip,
orbitofrontal cortex, inferior frontal opercular cortex occipital base
and mesial sagittal fissure cortex. Therefore MEG measures
predominantly activity in superficial neocortex, while EEG is more
suited to detect deep sources (Christoph Baumgartner, Pataraia,
Lindinger, & Deecke, 2000; Leijten, Huiskamp, Hilgersom, & van
Huffelen, 2003).

4.3. Limitations

In this study we evaluated various diagnostic modalities and assessed
clinical value of MEG to localize epileptogenic zone in SMA epilepsy.
The significance of interictal MEG localization in SMA epilepsy was
discussed for the first time in the literature. However, even this large
analysis is not without limitations. Since this study obtained data
retrospectively from 17 years of compiled database, epileptogenic
zone localization of VEM, PET and SPECT were mainly collected from
analog data. Therefore concordance between epileptogenic zone
acquired from diagnostic modality and resection area retrieved from
post—surgical MRI can only be based from the lobe containing the
abnormality. Further analysis including more patients are necessary
to determine more accurate clinical value of MEG in SMA epilepsy.
Potentially, simultaneous EEG/MEG combined source analysis that
has been reported improving source reconstruction are expected to

be investigated in the future.
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4.4. Conclusion

Versive head movement and unilateral tonic posturing were most
reliable predictors of seizure lateralization, indicating contralateral
lateralization in more than 90% of patients each group. Moreover,
epileptogenic localization of MEG interictal discharges was
significantly associated with long term post—surgical outcome. Lastly,
MEG is a useful in localizing epileptogenic zone, especially when EEG
fails to localize or lateralize epileptogenic lesion in the midline area,

such in SMA epilepsy case.
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Table 1. Patient profiles

Age

MRI Finding

Tables

Seizure

Surgery side

frequency
(month)

Resected area

Histology

1 M 36 Lt F closed lip type schizencephaly with | 2.0 Lt Whole SMA CD 1
heterotopia
2 M 34 Lt F medial & premotor tumor 4.0 Lt Whole SMA ODG 1
3 F 15 Rt F cortical atrophy 6.0 Rt Whole SMA CD 1
4 F 43 Rt F tumor 10.0 Rt Whole SMA ODG 1
5 M 24 WNL 5.0 Rt Whole SMA CD 2
6 M 26 WNL 60.0 Rt Whole SMA CD 1
7 M 23 WNL 20.0 Rt Whole SMA CD 4
8 M 28 WNL 0.5 Lt Whole SMA CD 3
9 M 23 Rt F large cystic cerebromalacia 10.0 Rt Whole SMA CD 2
10 M 45 Rt F tumor 3.0 Rt Whole SMA ODG 4
11 M 30 WNL 3.0 Rtt Whole SMA CD 3
12 M 40 Lt F tumor 0.1 Lt Whole SMA ODG 1
13 F 30 Rt SFG, non—specific lesion 150.0 Rt Whole SMA CD 1
14 M 16 Rt F medial, CD 30.0 Lt Whole SMA CD 2
15 M 30 WNL 60.0 Lt Whole SMA CD 1
16 M 52 Rt F tumor 1.0 Rt Whole SMA 0DG 2
17 M 20 WNL 30.0 Rt Pre—SMA CS 2
18 M 31 Lt F, cerebromalacia 4.0 Lt Pre—SMA CS 1
19 F 28 WNL 2.0 Lt Pre—SMA CD 3
20 F 22 Lt F, AVM, cerebromalacia 8.0 Lt Pre—SMA AVM 1
21 F 17 WNL 6.0 Rt Pre—SMA CD 2
22 F 28 Ant F atrophy, corpus callosum | 10.0 Lt Pre—SMA CM 4
agenesis
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23 M 19 Rt MFG, focal thickening 6.0 Rt Pre—SMA CD 1
24 F 37 WNL 2.0 Lt Pre—SMA CDh 1
25 F 51 Lt SFG, MFG, cortical thickening 90.0 Lt Pre—SMA CD 1
26 M 41 Lt F, tumor 0.3 Lt Pre—SMA AA 1
27 F 19 Lt F, schizencephaly 0.5 Lt SMA Proper CH 2
28 F 57 Rt F, tumor 0.1 Rt SMA Proper CA 1
29 F 31 WNL 6.0 Lt SMA Proper CDh 2
30 M 39 Lt superior F, tumor 0.1 Lt SMA Proper AO 1
31 M 25 WNL 15.0 Rt SMA Proper CDh 4
32 F 27 Lt F, cerebromalacia 60.0 Lt SMA Proper CC 3
33 F 43 Lt sup F, tumor 0.4 Lt SMA Proper Ast 4
34 M 24 Lt sup F, tumor 1.0 Lt SMA Proper GGO 1
35 F 23 Rt FT, cerebromalacia 2.0 Rt SMA Proper CI 1
36 F 33 Lt F, tumor 2.0 Lt SMA Proper GBL 3
37 M 24 Rt F tumor, Lt HS 5.0 Rt SMA Proper ODG 1
38 M 40 Lt F, tumor 0.1 Lt SMA Proper ODG 2
39 F 32 Lt F, tumor 0.5 Lt SMA Proper ODG 1
40 M 19 Lt F, tumor 0.5 Lt SMA Proper RG 4
41 M 38 Rt F, tumor 5.0 Rt SMA Proper AA 3
42 M 63 Lt F, tumor 6.0 Lt SMA Proper AO 4
43 F 37 Rt F, tumor 1.0 Rt SMA Proper EVN 1
44 F 38 Lt F, cerebromalacia 2.0 Lt Whole SMA CD 1

Abbreviation: AA, Anaplastic Astrocytoma; A0, Anaplastic Oligodendroglioma; A VA, Arteriovenous Malformation; CA,
Cavernous Angioma; CC, Cortical Contusion; CD, Cortical Dysplasia; CH, Cortical Heteropia; C/, Cortical Ischemia; CM,
Cerebromalacia; CS, Cortical Scar; EVN, Extraventricular Neurocytoma; GBL, Glioblastoma; GO, Ganglioglioma; 7,
Frontal; /7, Frontotemporal; /S, Hippocampal Sclerosis; L¢, Left; MFG, Medial Frontal Gyrus; ODG, Oligodendroglioma;

KRG, Reactive Gliosis; Ft, Right; SFG, Superior Frontal Gyrus; sup, superior; WNL, Within Normal Limit
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Table 2. Semiology

Feature

Frequency

Predictive value

(lateralization relative to

seizure focus)

Versive head movement 9 (20.5%) 100% contralateral
(p=0.004)

Bilateral tonic posturing 2 (4.5%) -

Secondary generalized | 25 (56.8%) -

tonic—clonic seizure

Unilateral dystonic posturing | 8 (18.2%) 75% Contralateral
(p=0.289)

Unilateral tonic posturing 10 (22.7%) 90% Contralateral
(p=0.021)

Unilateral automatisms 7 (15.9%) 71.4% Ipsilateral
(p=0.453)

Unilateral clonic movement | 4 (9%) 100% Contralateral
(p=0.125)

Oroalimentary automatism 5 (12%) 80% Contralateral
(p=0.375)

Hypermotor 4 (9.1%) -

Loss of consciousness 6 (13.6%) -

Vocalization 5 (11.4%) -
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Table 3. The relationship between concordant lesion or

epileptiform abnormalities on each diagnostic modalities and

surgical outcome

a. MRI (p =0.392)

Favorable Unfavorable Total
outcome outcome
Concordant 22 8 30
Non-concordant 9 5 14
Total 31 13 44
b. PET (p = 0.269)
Favorable Unfavorable Total
outcome outcome
Concordant 17 5 22
Non-concordant 8 5 13
Total 25 10 35
c. Ictal SPECT (p = 0.350)
Favorable Unfavorable Total
outcome outcome
Concordant 5 0 5
Non-concordant 10 3 13
Total 15 3 18
d. Interictal VEM (p = 0.513)
Favorable Unfavorable Total
outcome outcome
Concordant 5 3 8
Non-concordant 12 5 17
Total 17 8 25
e. Interictal MEG (p = 0.021)
Favorable Unfavorable Total
outcome outcome
Concordant 7 0 7
Non-concordant 2 4 6
Total 9 4 13
22
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Table 4. Prognostic value of each diagnostic modalities

MRI 70.9 38.5
PET 68.0 50

Ictal SPECT 33.3 100
Interictal VEM 29.4 37.5
Interictal MEG 77.8 100

Table 5. Diagnostic Sensitivities of Simultaneous EEG-MEG

Localizing Lateralizing | Non- False

lateralizing localizing

EEG 22 0/1 4/6 1/1

MEG 6/6 0/2 1/1 0/1

x(favorable outcome/total)
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Figures

Figure 1. Classification of Interictal Spikes Localization

SOwp

A. B.
C. | | D.

(] Resection Area
(] MEG interictal sources
o EEG interictal sources

Localizing source distribution in patient 13
Lateralizing source distribution in patient 11
Non-lateralizing source distribution in patient 14
False localizing source distribution in patient 41
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Figure 2. Simultaneous EEG/MEG in Patient 37

Resection Area
MEG interictal sources
EEG interictal sources

Interictal EEG spikes were constantly localized at left temporal lobe

in patient 37 confirmed left hippocampal scle

rosis found in MRI

whereas interictal MEG spikes were predominantly distributed within
the resection area, confirming epileptogenicity of tumor in right SMA
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